Introduction
A valve is a device that regulates the flow or the pressure Hydrodynamic characteristics of valves have been investigated. and The paper presents a computationally efficient method for determining the optimum shape of a segment ball valve. In general, a gradient based optimization algorithm, which is adopted as the optimizer, can find a mathematically reliable optimum. However, the use of the gradient based algorithm is limited in applying to valve design. The optimum may not be obtained due to the excessive computation time.
Furthermore, the gradient based algorithm can find only the local optimum.
To overcome these difficulties, the optimization scheme using metamodel is introduced. 
Kriging interpolation method
Kriging is a method of interpolation named after a South and  yx is minimized,  yx becomes
where r is the correlation vector, R is the correlation matrix, The unknown correlation parameters of θ1, θ2,…, θn defined in R are calculated from the model as follows:
where θi (i = 1, 2,…, n) > 0. In this study, the method of modified feasible direction is utilized to determine the optimum parameters. To assess the Kriging model, the error in surrogate model can be measured by
where nt is the number of sample points for validation, which is set to 10 in this study. • The flow is steady-state and three-dimensional.
Segment ball valve
• The fluid is Newtonian and incompressible.
• The walls of the pipe and valve are smooth.
The Boundary conditions were as follows :
• The uniform inlet velocity w is 3 m/s, and the outlet condition is 0.1013 MPa (1 atm).
• Turbulence model is k-ε.
• The wall condition of valve and pipes is No-slip and
Smoothing.
• For the rest of boundary conditions, the default values in CFX are utilized.
Calculation of the flow resistance coefficient
The flow resistance coefficient ζ defines the friction loss attributable to a valve in a pipeline in terms of velocity head or velocity pressure, as expressed by Eq. (6) -(8) 
Fluid-structure interaction analysis
An on-off valve does not work at 0°< ψ < 90° generally.
But, for the investigation of structural safety, the FSI model sets the angle (ψ) of the segment ball to be 0°< ψ < 90°.
The flow field is structured at t = 3 mm in The design process of a segment ball valve using the RSM and the Kriging interpolation method is as follows:
Step 1: DOE strategy First, sample points should be set up to obtain the metamedels of flow resistance coefficient and maximum stress. DOE strategies can be used to sample the design space. In this study, the Latin hypercube design is introduced to sample the design space.
Step 2: Matrix experiment
The responses of flow resistance coefficient and maximum stress are calculated for each row of matrix experiments.
The number of experiments is identical to the number of rows in the matrix; that is, an experiment means one fluid flow analysis and one finite element analysis. The computation time for one fluid flow analysis and one finite element analysis is about 2 hours on the workstation using 8
CPUs. CFX and ANSYS are used to solve the fluid-structure interactions.
Step 3: Building and validation of metamodels Based on the responses calculated from Step 2, the RSM and the Kriging models are constructed. To assess the metamodels, the error in the surrogate model is characterized by using a few metrics.
Step 4: Calculation of optimum
Once an approximate formulation for optimization is obtained based on the metamodels, any optimization method can be used. Since all the true functions of the optimization formulation are replaced by simple mathematical expressions, the computational cost of the optimization process is very low. In this study, the GRG(Generalized Reduced Gradient) algorithm is adopted. The number of sample points ns = 50 were obtained by latin hypercube design (LHD). The sample points are created within a design domain in Eq.(9). In Table 1 , the flow resistance coefficient and the maximum stress were computed by fluid analysis and FSI analysis. In Eq. (9), the metamodels for the flow resistance coefficient and the maximum stress are built based on the data in Table 2 The approximate model of the RSM for the flow resistance coefficient and the maximum stress are shown in Eq. (10) - (11), respectively. Then, the estimator β is calculated. The optimum estimators are shown as Table 3 . The optimum values of the optimization problem are shown in Table 6 
Conclusion
The present study proposed the shape optimization process This study did not consider noise, vibration and cavitation etc. However, these factors need to be considered for valves design.
